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Abstract

Although blood pressure is usually measured during and in recovery from a stress test,
there are no clearly established figures of an abnormal response. Different methods and
population studies give different definitions. This conflicting data had provoked an
inadequate appreciation of clinical significance, and the conduct to follow. This article
revises work relevant to blood pressure response in stress tests, and based on evidence,
proposes a series of values and conducts of diagnostic and prognostic significance.

© 2009 Consell Catala de UEsport. Generalitat de Catalunya. Published by Elsevier
Espafa, S.L. All rights reserved.

Respuesta de la tensiéon arterial a la prueba de esfuerzo

Resumen

Aunque en la practica se mide la presion arterial durante y en la recuperacion de la prue-
ba de esfuerzo, no hay cifras claramente establecidas de una respuesta anormal. Dife-
rentes poblaciones y métodos estudiados explican las diversas definiciones. Estos datos
conflictivos provocan una inadecuada apreciacion de su significancia clinica y de la con-
ducta que hay que seguir. Este articulo revisa trabajos relevantes de la respuesta de la
presion arterial a la prueba de esfuerzo, y basandose en la evidencia, propone una serie
de valores y conductas de significancia diagndstica y pronostica.
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*Author for correspondence.

E-mail address: miguelchiacchio@medicodeldeporte.es (M. Chiacchio Sieira).

1886-6581/$ - see front matter © 2009 Consell Catala de U’Esport. Generalitat de Catalunya. Published by Elsevier Espaiia, S.L. All rights reserved.



192

M. Chiacchio Sieira et al

Introduction

Exercise testing is a cardiovascular stimulation test which is
performed on treadmill or bicycle, monitoring the
electrocardiogram and blood pressure (BP). It has a
relatively low cost and is normally used to estimate
prognosis, to determine the functional capacity, to assess
the probability and extent of coronary disease and to
evaluate the effects of treatment or physical training.

There are relatively few studies which provide figures for
normal pressure response during exercise for adults and
adolescents. These studies take into account the age and
sex, which is not normally taken into consideration when
evaluating a pressure response during exercise.

The manual determination of the BP is still used routinely
in practice. It can sometimes be difficult to define the
values of resting blood pressure, especially diastolic blood
pressure (DBP), either by auditory problems, to define or
recognize the fifth Korotkoff sound, or an auscultatory gap.
In practice, even with experience, it often can be even
more difficult to define the figures for systolic blood pressure
(SBP) and DBP during exercise testing, especially the latter.
For example, sometimes the DBP during effort can not be
defined in the fifth Korotkoff sound, because sound is heard
almost to 0 mmHg, the fourth must be used to define DBP.
The determination of the BP through automatic equipment,
with the right technique, offer many advantages over the
manual technique, having verified its utility and clinical
validity.

As for what is considered to be an abnormal response of
blood pressure during effort, even today, there is no clear
agreed consensus. The definitions use different parameters
and methods of study are also different. Usually absolute
figures are taken, although, clearly, there may not have the
same clinical significance in blood pressure at maximal
effort of 230 mmHg in an adult of 25 years as in one of 65.
Furthermore, possibly the clinical and prognostic significance
is not sufficiently valued, leaving some people at possible
risk without adequate monitoring or additional studies.

The abnormal BP responses can develop during the test,
in recuperation, and even just before exercise testing,
having significant clinical value. The hypertensive response
(HR), hypotensive, as in an insufficient BP response form
part of the abnormal responses during exercise testing. The
BP response during the recuperation, frequently not
adequately valued, can also contribute relevant clinical
information. It is also important to take into account the
safety pressure figures during exercise testing, both those
of the contraindications as well as the test termination
criteria.

The relevance of the BP study in effort lies in its diagnostic
potential, not only for arterial hypertension, but also to
reflect other pathologies that may alter hemodynamic, such
as hypertrophic cardiomyopathy. It also has a potential
prognosis on future hypertension, cardiovascular events,
stroke and mortality.

This article summarizes recent evidence of studies on the
abnormal response of blood pressure in exercise testing,
outlining guideline figures for diagnosis and prognosis
purposes, with the aim of improving the interpretation and
implementation in daily practice.

Normal response

The normal response of blood pressure in progressive
exercise testing is: SBP increases while the DBP is maintained
or decreases slightly.

The normal response of SBP in progressive tests is
approximately 7 to 10 mmHg by MET, about 25 watts,
although there are no standard values'*.

The tension response at submaximal and maximal effort
level, and during recovery is dependent on age, sex and
physical condition, which should be taken into account
when assessing a response in normal exercise testing (Figure
1 and Table 1)>7.

Age

For older patients, one would expect to observe higher
values of SBP and DBP in submaximal and maximal effort,
and also in recovery®?°,

Sex

Generally men have a higher maximal value of SBP (SBPmax)
and a quicker recovery than women?1°,

Physical fitness

In trained subjects the response of SBP is less in submaximal
effort than in non-trained subjects, reaching greater
SBPmax with normal values of 225-240 mmHg at high level.
By increasing physical fitness, SBPmax increases*®'"-12, Thus,
the maximal Delta SBP (i.e., the difference between SBPmax
and the resting SBP) reaches greater values in athletes.

The maximal pulse rate (SBP-DBP) during exercise, is also
higher in athletes than non-athletes, often exceeding
100 mmHg".

Athletes reach a lower DBPmax®. In healthy young people,
sometimes the DBP cannot be determined because it can be
heard to almost zero level.

Poor physical condition is associated with higher blood
pressure responses at submaximal and maximal effort™.

There is usually post-effort hypotension (values below
the initial level) in both normotensive and in hypertensive
patients which may last several hours'.

Adult and adolescent hypertensive patients, or those
with high body mass index, have higher BT responses during
physical effort”-'>. The SBP response was higher in obese
adolescents, indicating a greater reactivity to physical
exertion’®,

Auscultatory methods

The manual method is still recommended during exercise
testing, although it must be remembered that the central
BP or its equivalent, the brachial artery, is that which is
validated for a proper diagnosis, and prognosis of
cardiovascular morbidity and mortality".

In general, the automatic measurements of BP correlate
well with the manual methods and have clinically acceptable
absolute differences. Generally there is an underestimation
with the DBP during increasing effort intensity; some
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Table 1 Maximal blood pressure and percentiles by age and gender

Age-group (years)

Men

Women

Systolic (mmHg)

Diastolic (mmHg)

Systolic (mmHg)

Diastolic (mmHg)

20-29
Means + SD 182 + 21 7112 156 + 20 70 + 12
Percentile 5° 146 50 124 49
Percentile 95° 218 89 188 89
30-39
Means + SD 184 + 20 76 + 12 160 + 22 74 + 11
Percentile 5° 150 58 24 52
Percentile 95° 218 94 196 90
40-49
Means + SD 188 + 21 80+ 12 167 + 23 78 + 11
Percentile 5° 154 60 130 59
Percentile 95° 224 98 208 96
50-59
Means + SD 193 + 23 83+12 177 + 24 81+12
Percentile 5° 157 62 138 60
Percentile 95° 233 101 215 99
60-69
Means + SD 197 + 24 84+ 12 186 + 24 81+13
Percentile 5° 159 66 148 60
Percentile 95° 239 105 228 100
70-79
Means + SD 196 + 27 84+ 13 185 + 25 83+10
Percentile 5° 151 60 144 63
Percentile 95° 243 105 222 100
SD = standard deviation
Adapted from Daida et alé.
Table 2 Hypertensive response and risk or future hypertension
Year (source) Population (number) Follow-up (years) Ergometer/Protocol Definition HR (mmHg)
1994 (21) Normotensive (3,741) 5 Bruce SBPmax >210 men and 190 women
2001 (27) Normotensive (190) 5.7 (5-8) Bruce SBPmax >200 y DBPmax >100
1999 (23) Normotensive (150) 7.7+2.9 Bruce SBPmax >214
1998 (32) Normotensive (5,386) 4+5 Balke Increase in delta SBP >60/6.3 METs,
>70/8.1 METs, delta DBP >10
2000 (34) High normal (239) 5.1 Cycle 12.5 w/min Upper quartile (delta TAS = 33-59
at 50% of HRres)
2002 (33) Normotensive (1,033) 4.7 (3.6-6.9) Cycle 12.5 w/min Percentile 90 (according % HRres)
1999 (31) Normotensive (2,310) 8 Bruce SBPrec and DBP max >percentile 95
2004 (34) Normotensive (75) 1 Bruce SBPmax >11 mmHg/MET

DBP: diastolic blood pressure; DBPmax: maximal value of DBP; HR: hypertensive response; HRres: reserve heart rate; SBP: systolic
blood pressure; SBPmax: maximal value of SBP.

clinically validated

(Schiller AG,

BP-200 plus,

Baar,

Switzerland; Colin Medical Instruments, Colin 630, San
Antonio, Texas)'®'" and others, specific to exercise testing,

have been recommended and validated with an intra-
arterial catheter (SunTech Medical Inc., Tango+, Eynsham,

UK)2.
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Figure 1
mal exercise and recovery at 6 minutes by age (women).

Logically, and more so in exercise testing, due to
environmental noise and patient motion, it is important to
take into account possible common causes of error in the
evaluation of BP such as an inappropriate manometer or
inadequate cuff size, poor condition of ear tips, too long a
tube, the rate of inflation and deflation of the cuff, the
experience of the Tester, inadequate site or pressure of the
stethoscope, background noise, tension in the hand and
forearm or flexion of the elbow during the take.

Automatic exercise testing equipment improves some of
these drawbacks, although correct pre-test adjustment is
needed, as well as the correct location of the microphone
and the right placement of the electrodes, as they need an
electrocardiograph signal for measurement. A short training
period is required, but this is reliable and clinically practical,

A) Blood pressure values in maximal exercise and recovery at 6 minutes by age (men). B) Blood pressure values in maxi-

as we can automate the times of taking blood pressure,
including recovery, and there are graphics and measurements
integrated into most of the stress-test software.

Abnormal response
During exercise testing

a) Hypertensive response
There is no definition of hypertensive response in
normotensive asymptomatic standard patients, there are
proposed pressure figures.
SBPmax effort is commonly referred to at effort level® 23,
but there are also figures at different submaximal levels®'32,
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some of which take into account sex, other take into
account other percentiles, or associate it with a percentage
of fixed or variable effort: reserve heart rate3*3*, mmHg/
MET?3>, mmHg/min3%3¢, others take into account the resting
SBP and its variation in mmHg (DeltaSBP)*> ¥, others
include DBPmax defined solely by this criteria?>-27:3,3,
Although the relevance of the diagnosis and the prognosis
of a HR is not fully clarified, some of these patients have
an increased risk of future hypertension'?'.2527-29,31-35,38-42
left ventricular hypertrophy or abnormal mobility?+26:43-45)
stroke??¢,  cardiovascular incidents?3°, increased
mortality*“, and endothelial dysfunction®.

Other mentioned findings related to HR are:
hypercholesterolemia®, increased angiotensin 115,
inflammatory markers such as leukocytes®, carotid
atherosclerosis??, arterial stiffness and albuminuria®.
Prevalence ranges from 3-4% or more, according to
studies*'.

Future hypertension

Early detection of hypertension can prevent a critical
damage to key organs. Several studies found that an
exaggerated BP response to physical effort is a prognostic
factor for hypertension, even in children®. In general the
work shows a low sensitivity (25-40%) with high specificity
(73-90%)23:32:34,

Singh et al*', in the Framingham Heart Study, refer to the
95 percentile of the SBP and DBP in the second stage of a
Bruce, and do not consider a SBPmax as a predictor of
future hypertension (RR = 1 in men and RR = 1.4 in women),
but do, the DBPmax (RR = 4.2 in men, RR = 2.2 in female),
and the SBPrec in men (RR = 1.9).

Matthews et al®2, with participation from the Cooper
Institute, take into account the DeltaSBP relate it to the
effort level in METs, and also consider the increase of DBP.
The refers to a relative risk of 3.0 modified by several other
factors.

Miyai et al>* when considering individuals with habitually
high blood pressure also take into account the DeltaSBP at
an effort level of 50% the reserve heart rate, i.e. a
submaximal level. They mention a relative risk of 2.3 of
future hypertension. Another study* with normotensive
subjects shows SBP max and DBPmax percentiles curves in
relation to heart rate reserve. Beyond the 90 percentile
indicates a relative risk of 3.8.

Manolio et al*' established as a single cut-off point, a
fixed SBPmax level. A prevalence of 18% was observed with
an incidence of 4.9%. The odds ratio for predicting future
hypertension was 1.7 (p<0.001), likewise including
cardiovascular events.

Table 3 Hypertensive response and risk of cardiac events

Zanettini et al® studied 75 normotensive subjects with
an ergometric Bruce test during one year, finding that
individuals with a HR have a higher BMI, a thicker left
ventricular posterior wall and a higher SBP in ambulatory
measurement. They conclude that the detection of HR is
better detected than the value of 210 mmHg, if the variation
of the BP is corrected by the amount of work done. The cut-
off was 211 mmHg/MET (Table 2).

Several studies illustrate that the DBP response in
exercise has a similar or greater predictor force than SBP
for future hypertension, with DBPmax values greater than
90/100 mmHg or an increase >10 mmHg?6:27,3138,

Cardiovascular event

Laukkanen et al*® studied 1731 middle-aged men, seemingly
healthy, in cycloergometer, with 12.7 years of follow up.
The greater SBPmax of 230 mmHg was associated with an
adjusted RR of 2.47 for risk of myocardial infarction. Among
those with a high resting BP, an excessive increase in the BP
curve, greater than 9.4 mmHg per minute of exercise, had
a RR of myocardial infarction of 4.31.

Kurl et al®¢ studied 1026 healthy men, with a follow up of
10.4 years, on cycloergometer for 20 W/min, and noted
that a hypertensive response during exercise and recovery
were directly and independently associated with risk of a
stroke (Table 3).

b) Hypotensive response

Although there is no consensual agreement on its
definition, the two most common are a) a drop in SBP
below standing rest levels, b) an initial SBP increase
followed by a fall equal to or greater than 20 mmHg>*,
The first has a significant relative risk of 3.2 for
cardiovascular events, while the predictive value of the
second is lower. The prevalence varies between 5 and 8%
and was higher in patients with coronary heart disease*'.
A hypotensive response may reflect a hypertrophic
cardiomyopathy (HCM), the same as a flat response. In
studies of patients with HCM, the hypotension patterns
observed were: a sustained fall of the SBP as from the
first minutes of exercise >20 mmHg or an initial increase,
with subsequent decrease of 20 mmHg or greater. A flat
response was defined as a change in the SBP during effort
less than 20 mmHg, compared with the resting SBP%7:%,

c) Poor response
Active people have a lower resting SBP, during exercise,
and also in DeltaSBP. The amplitude the SBPmax response
in effort appears to be a mortality risk factor independent
of resting BP12.

Year (source) Population (number)

Follow-up (years)

Ergometer/Protocol Definition HR (mmHg)

2006 (30)
2001 (36)

Normotensive (1,731) 12.7
Normotensive (1,026) 10.4

Cycle 25 w/2 min
Cycle 20 w/2 min

SBPmax >230 >9.4 mmHg/min
19.7 mmHg/min
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Hedberg et al37 studied 382 elderly men and women
(average age 75) and found that an increased response of
DeltaSBP in exercise is associated with better long-term
survival in older adults. The greater the increase
(>55 mmHg) the lower the mortality rate for all causes
(RR=2.6, and of <30 mmHg, RR=5.1). For every 10 mmHg
increase in SBP, relative risk for all causes decreased by
13%, and for cardiovascular mortality by 26%, after taking
several factors into account.

Gupta et al* studied 6145 men with an average age of
53 + 12 years who did exercise testing limited by
symptoms. An increase in SBP <44 mmHg was a significant
predictor of mortality, independent of other factors such
as age, ST segment, and exercise capacity, with a
RR = 1.2. An increase 44 mmHg in exercise testing was
associated with a 23% improvement in survival, over a
median follow-up greater than 6 years, independent of
several factors (age, history of hypertension or coronary
artery disease, functional capacity or ST abnormalities).
Naughton et al* studied 641 men with a history of
myocardial infarction, for 3 years. He concluded that a
poor SBPmax <140 mmHg is associated with high mortality.
The exercise did not reduce mortality.

Sadrzadeh et al® concluded a retrospective study of 1959
men during follow-up period of 5.4 + 2.1 years, that the
double reserve product (maximal double product minus
resting) seems to have more mortality prediction power
than METs, maximal heart rate, maximal SBP, or recovery
heart rate. A double product reserve less than 10,000 was
a predictor of mortality (OR = 4.1).

During recovery

Huang et al®® retrospectively studied 3054 patients referred
for exercise testing, with 10 years follow up. A paradoxical
increase in SBP after exercise (SBP to 3 minutes recovery
>1 minute of recovery) is an important and significant
predictor of cardiovascular mortality with an adjusted odds
ratio of 1.80.

Nakashima et al* studied 138 men and 76 women with a
mean age of 19 years at commencement of the study, for an
average of 12 years. They did exercise testing for five
minutes on a cycloergometer and recorded the BP
immediately after exercise, and also at 50% of exercise
intensity. The SBP and DBP immediately after exercise in
men was shown to be a strong predictor of future
hypertension, more so than the resting BP. In contrast, in
women, the resting SBP was shown to be the best
predictor.

Table 4 Recovery and cardiac events

Yosefy et al®' studied 86 apparently healthy patients who
came for a routine check, with an average age of 60 + 4.1
(46-75) years, with Bruce test, measuring the SBP and DBP
at 5 minutes of recovery. After 5 years of follow-up, those
who had a HR, defined as >160/90 mmHg (small DeltaSBP of
46.9 = 3.1 mmHg) developed a worse cardiovascular profile,
and other adversities (abnormal cholesterol levels,
hypertension and cardiovascular disease and stroke
combined) with a RR of 1.32.

Tsumura et al®? studied 6557 men, from 35 to 63 years of
age, with a follow-up period of 63,696 person-years.
Exercise testing was performed on a step (Master test) and
found that the SBP and DBP at 4 minutes after exercise was
associated with an increased risk of hypertension in
normotensive and also in individuals with normal high blood
pressure. The RR for the SBP and DBP after exercise was
1.55 per 10 mmHg. This was independent of resting blood
pressure.

Laukkanen et al®® studied 2336 individuals on
cycloergometer with average age of 52.9 + 5.1, with a follow
up of 13.1 years. The average SBPmax was 202 mmHg, and
at two minutes was 183 mmHg. The SBP >195 mmHg at 2
minutes of recovery was associated with a risk of myocardial
infarction of 1.7. The adjusted RR was 1.45 for cardiovascular
mortality and 1.68 for myocardial infarction.

Singh et al®*' studied 1026 men and 1284 women with an
average age of 42 + 10 years in the Framingham Offspring
Study, normotensive, with 8 years follow up. They found
that a recovery SBP at 3 minutes was predictive of
hypertension in men, with an adjusted RR of 1.92 (average
recovery SBP at 3 minutes of 142 + 19 mmHg) (Table 4).

Safety of exercise testing

The risk during exercise testing is generally low and depends
on the clinical characteristics of the patient.

The overall risk in a mixed population is approximately 6
events (myocardial infarction, ventricular fibrillation, other
major arrhythmias, or death) in 10,000 tests3.

Overall complications, major and minor, in apparently
healthy people and athletes, is lower, estimated at
approximately 1/10.000. Morbidity varies between 1-5
according to the studies and mortality of 0-0.4%.

With regard to the BP, and without having defined
evidence, with the aim of avoiding serious complications,
it’s best to follow the current recommendations of
contraindication, and of finalization of exercise testing.
One of the main reference guides is the that of the
Committee of the Stress Tests of the American College of

Year (source) Population (number) Follow-up (years) Ergometer/Protocol Definition HR (mmHg)
2008 (60) 3,054 10 Bruce SBPrec 3’ >1’

2006 (61) Normotensive (86) 5 Bruce BP >160/90 at 5’
2004 (63) Normotensive (2,336) 13.1 Cycle SBPrec >195 at 2’
1999 (31) Normotensive (2,310) 8 Bruce SBP 142 + 19 at 3’
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Cardiology and American Heart Association, which also
follows the American College of Sports Medicine®?.

Contraindications for exercise testing

The American Guide does not refer to any absolute
contraindication to a resting BP whilst the Spanish Guide
mentions a resting BP of 240/130 mmHg*.

In the guide, a relative contraindication is shown as
severe arterial hypertension, considering the same higher
levels of 200/110 mmHg in rest?.

Indications for terminating the exercise testing

An absolute indication to stop testing, is considered to be a
drop in the SBP of >10 mmHg from the initial value of the
BP, despite an increase in workload, when accompanied by
other evidence of ischemia.

Within the relative factors, is considered the before
mentioned, but when there is no evidence of ischemia. Also
considered a relative indication the hypertensive response,
which in the absence of definitive evidence, is defined as a
higher SBP of 250 mmHg and/or greater than a SBP 115 mmHg
(Table 5).

Discussion

Undoubtedly, the recorded BP during and after exercise can
give us valuable information clinically. The problem is, that
there are few benchmarks, and also sometimes in practice
the existing variations of age, sex, fitness and body mass
index are not taken into account.

Often taken into account in practise, is the SBPmax, only
as a reference standard, meaning that it can sometimes be
difficult to determine the DBPmax.

Frequently pulse pressure is not taken into account, nor
the DeltaSBP nor not completing the taking of BP in the
recovery, which we have seen can provide clinically relevant
data.

Undoubtedly, conducting exercise testing is the only way
to determine an abnormal response to exercise.

The guide of the American College of Cardiology and
American Heart Association, both mention the excessive
elevation of SBP as DBP during exercise as an indicator of
future risk of hypertension in asymptomatic normotensives,
and a SBPmax greater than 214 mmHg or higher SBP or DBP

Table 5 Safety instructions in exercise testing

in the third minute of recovery?® and also refer to as a
hypertensive reaction the figure of 250/115 mmHg, relative
indication to stop an exercise test.

The reference of an exaggerated response in blood
pressure sometimes indicates only the SBPmax, as the
figures of Manolio et al*® of 210/190 mmHg in men and
women respectively, or also report the SBPmax and DBPmax,
like those of Sharabi et al?” the 200/100 mmHg respectively.
Similarly, other studies such as that of Framingham, find
only the DBPmaxorrecovery SBP predictors of hypertension3'.
Here reference tables are provided of the expected values
of 95 percentile, gender and age-specific, although they are
values derived from the second stage of the Bruce test.
Thus, we have SBPmax values for men of 20, up to 70 years
of age, ranging from 190 to 218 mmHg and of women of
similar age range from 165 to 203 mmHg. Therefore, they
do not put fixed maximal numbers for all patients, but
instead take into account the age and sex.

On the other hand, there are other authors who, as a
future risk of hypertension propose figures that take into
account other parameters relating to the behaviour of the
BP during effort. For example, the work of Matthews et al®?,
at the Cooper Institute, which takes into account variations
in SBP during exercise, the DeltaSBP and relates it to the
level of effort according to the METs. Likewise, Miyai et al**
uses percentiles curves in relation to effort, in this case,
the reserve heart rate. Also Zanettini et al® establishes that
it is better than a set number, in this case 210 mmHg, to
relate the variation of the BP with the work performed in
METs. Laukkanen et al*® and Kurl et al* also report increased
risk figures in this case of a cardiovascular event, but related
to the increase of SBP in the time, that is, per minute.

A hypotensive response has a high degree of prognostic
significance and may reflect a decrease in cardiac output or
severe heart disease’*, although this can indicate other
conditions such as cardiomyopathy, arrhythmias, or
irregularities such as a vasovagal reaction or that produced
by medication. The hypotension which may occur
immediately after exercise, due to peripheral vasodilatation
and fall in venous return, should not be considered a
hypotensive response*'.

Aninadequate response of SBP during effort, the DeltaSBP,
should also be measured and considered as a significant
predictor of mortality. The lower the SBP response to stress,
the greater the risk. Figures deemed to be insufficient, as a
response of SBP during effort, range from 20 to
45 mmHg37-46.47,

Absolute

Relative

e Clinical criteria
» 240/130 mmHg at rest

Contraindications
Suspension

evidence of ischemia

« Drop in SBP > 10 mmHg from baseline BP
despite an increase in workload, and other

« >200/100 mmHg at rest

« Drop in SBP > 10 mmHg from baseline BP despite
an increase in workload, and without other
evidence of ischemia

« SBP >250/115 mmHg

SBP: systolic blood pressure.
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With regard to BP during recovery, studies show a
relationship between an abnormal response and future
hypertension and cardiovascular mortality. There are studies
including a significant population and likewise monitored
for several years®®, although differing in the methods of
determination as in the definition, with figures suggested
from the first until the fifth minute. Arecent study by Huang
et al® relates the importance of a paradoxical increase in
SBPrec at 3 minutes longer than the first, as being a
significant predictor of mortality. Most other studies have
proposed specific numbers, one of the most frequently
mentioned being the Framingham study (142 mmHg at 3
minutes) as a predictor of future hypertension in men.

This highlights the need for future studies that incorporate
consideration of age and sex. It may be appropriate to
consider establishing percentiles and relating them to the
level of effort in which the pressure figures are established.

Conclusions

There have been many studies undertaken regarding the
diagnosis and prognosis of an abnormal response of the BP
during effort, both during the recovery period, and even
prior to commencing®®.

However, no standard values have been determined
which are accepted globally, perhaps in part, due the
different methods used in these studies.

In general, the abnormal response of the BP during effort
is related to an increased risk of future hypertension or
cardiovascular events and mortality.

In the event of an abnormal response in an asymptomatic
patient, a study of primary hypertension should be
considered. Likewise more frequent clinical control of
resting BP, an echocardiogram, a 24 hour Holter as a more
dynamic test, and even a repetition of the exercise test, as
this same abnormal response may not be repeated®. In case
of an insufficient or hypotensive response, a possible ischemic
cardiopathy and ventricular function should be studied.

Certainly more studies are needed and a consensus
regarding the abnormal response of the BP during effort.
Meanwhile, based on the studies mentioned previously but
without defining set blood pressure, and likewise taking into
account age, sex and physical condition of the patient, and
above all the clinical context, we can consider an abnormal
response of BP during effort in the following cases:

« SBPmax values greater than 210/190 mmHg in men and
women respectively, may represent an exaggerated
response in adults.

« SBPmax values greater than 230 mmHg may be considered
higher risk. SBP values of >250 mmHg and DBP >115 mmHg
define a clearly hypertensive result.

« DBP values greater than 100-105 mmHg or increase
>10 mmHg at any time during the test.

« Ahypotensive response, i.e. a drop in SBP below the initial
values, a decrease equal to or greater than 20 mmHg or
an increase of less than 20 mmHg during the entire
effort.

» A low SBPmax, less than 140 mmHg.

» Areduced DeltaSBP to below 45 mmHg.

» Double reserve product <10.000.

« Sudden, steep increases greater than 10-12 mmHg/MET
can be considered abnormal. It might be appropriate to
routinely measure DeltaSBP between METs reached during
the test.

» Paradoxical increase of SBP during recovery, i.e. a SBP at
3 minutes more than that of the first minute

« Slow SBP recovery, i.e. maintaining high values during the
first minutes of recovery (see Table 4). It might be
advisable to routinely measure the BP recovery 2-3 times
during the first minutes of recovery.

In summary, significant increases in the SBP and DBP
during effort, low or falling levels of SBP during effort, low
amplitude of the DeltaSBP and slow recovery of the SBP are
considered abnormal responses of the BP and have a
significant prognostic value of future hypertension and/or
cardiovascular events and indicate the need for additional
studies.

Conflict of interests

The authors declare they have no conflicts of interest.

References

1. Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA,
Ray CA; American College of Sports Medicine. American College
of Sports Medicine position stand. Exercise and hypertension.
Med Sci Sports Exerc. 2004;36:533-53. Review.

2. American College of Sports Medicine ACSM’s Resource Manual
for Guidelines for Exercise Testing and Prescription. 5th ed.
Lippincott Williams & Wilkins; 2006.

3. American College of Sports Medicine ACSM’s Guidelines for
Exercise Testing and Prescription. 7th ed. Lippincott Willliams
& Wilkins; 2006.

4. De Araujo WB. Ergometria & Cardiologia Desportiva Medsi. Rio
de Janeiro: Editora Médica e Cientifica Ltda.; 1986.

5. Michelsen S, Otterstad JE. Blood pressure response during
maximal exercise in apparently healthy men and women. J
Intern Med. 1990;227:157-63.

6. Daida H, Allison TG, Squires RW, Miller TD, Gau GT. Peak
exercise blood pressure stratified by age and gender in
apparently healthy subjects. Mayo Clin Proc. 1996;71:445-52.

7. de Moraes Chaves Becker M, Barbosa e Silva O, Goncalves
Moreira IE, Guimaraes Victor E. Pressao arterial em adolescentes
durante teste ergométrico. Arq Bras Cardiol. 2007;88:329-33.

8. Martin WH 3rd, Ogawa T, Kohrt WM, Malley MT, Korte E, Kieffer
PS, et al. Effects of aging, gender, and physical training on
peripheral vascular function. Circulation. 1991;84:654-64.

9. Dimkpa U, Ugwu AC, Oshi D. Influence of age on blood pressure
recovery after maximal effort ergometer exercise in non-
athletic adult males. Eur J Appl Physiol. 2009;106:791-7.

10. Dimkpa U, Ugwu AC, Oshi DC. Assessment of sex differences in
systolic blood pressure responses to exercise in healthy, non-
athletic young adults. JEPonline. 2008;11:18-25.

11. Tanaka H, Bassett DR Jr, Turner MJ. Exaggerated blood pressure
response to maximal exercise in endurance-trained individuals.
Am J Hypertens. 1996;9:1099-103.

12. Filipovsky J, Ducimetiére P, Safar ME. Prognostic significance of
exercise blood pressure and heart rate in middle-aged men.
Hypertension. 1992;20;333-9.



Blood pressure response to exercise testing

199

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kasikcioglu E, Oflaz H, Akhan H, Kayserilioglu A, Umman S.
Peak pulse pressure during exercise and left ventricular
hypertrophy in athletes. Anadolu Karadiyol Derg. 2005;5:64-5.
Kokkinos PF, Andreas PE, Coutoulakis E, Colleran JA, Narayan P,
Dotson CO, et al. Determinants of exercise blood pressure
response in normotensive and hypertensive women: role of
cardiorespiratory fitness. J Cardiopulm Rehabil. 2002;22:
178-83.

Skinner JS. Exercise testing and exercise prescription for
special cases. Theoretical basis and clinical application. 3rd
ed. Lippincott Williams & Wilkins. 2005.

Carletti L, Rodrigues AN, Perez AJ, Vassallo DV. Blood pressure
response to physical exertion in adolescents: Influence of
overweight and obesity. Arq Bras Cardiol. 2008;91:24-8.
O’Rourke MF, Seward JB. Central arterial pressure and arterial
pressure pulse: new views entering the second century after
Korotkov. Mayo Clin Proc. 2006;81:1057-68.

Griffin SE, Robergs RA, Heyward VH. Blood pressure
measurement during exercise: A review. Med Sci Sports Exerc.
1997;29:149-59.

Lightfoot JT, Tankersley C, Rowe SA, Freed AN, Fortney SM.
Automated blood pressure measurements during exercise. Med
Sci Sports Exerc. 1989;21:698-707.

Cameron JD, Stevenson |, Reed E, McGrath BP, Dart AM, Kingwell
BA. Accuracy of automated auscultatory blood pressure
measurement during supine exercise and treadmill stress
electrocardiogram-testing. Blood Press Monit. 2004;9:269-75.
Manolio TA, Burke GL, Savage PJ, Sidney S, Gardin JM, Oberman
A. Exercise blood pressure response and 5-year risk of elevated
blood pressure in a cohort of young adults: the CARDIA study.
Am J Hypertens. 1994;7:234-41.

Jae SY, Fernhall B, Heffernan KS, Kang M, Lee MK, Choi YH, et
al. Exaggerated blood pressure response to exercise is
associated with carotid atherosclerosis in apparently healthy
men. J Hypertens. 2006;24:881-7.

Allison TG, Cordeiro MA, Miller TD, Daida H, Squires RW, Gau GT.
Prognostic significance of exercise-induced systemic hypertension
in healthy subjects. Am J Cardiol. 1999;83:371-5.

Lauer MS, Levy D, Anderson KM, Plehn JF. Is there a relationship
between exercise systolic blood pressure response and left
ventricular mass? The Framingham Heart Study. Ann Intern
Med. 1992;116:203-10.

Gibbons RJ, Balady GJ, Bricker JT, Chaitman BR, Fletcher GF,
Froelicher VF, et al. ACC/AHA 2002 guideline update for
exercise testing: summary article. A report of the American
College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Committee to Update the 1997 Exercise
Testing Guidelines). J Am Coll Cardiol. 2002;40:1531-40.

Ha JW, Juracan EM, Mahoney DW, Oh JK, Shub C, Seward JB, et
al. Hypertensive response to exercise: a potential cause for
new wall motion abnormality in the absence of coronary artery
disease. J Am Coll Cardiol. 2002;39:323-7.

Sharabi Y, Ben-Cnaan R, Hanin A, Martonovitch G, Grossman E.
The significance of hypertensive response to exercise as a
predictor of hypertension and cardiovascular disease. J Hum
Hypertens. 2001;15:353-6.

Fletcher GF, Mills WC, Taylor WC. Update on Exercise Stress
Testing. Am Fam Physician. 2006;74:1749-54.

Farah R, Shurtz-Swirski R, Nicola M. High blood pressure
response to stress ergometry could predict future hypertension.
Euro J Int Med. 2008;19:e45-e72, 473-560.

Laukkanen JA, Kurl S, Rauramaa R, Lakka TA, Venaldainen JM,
Salonen JT. Systolic blood pressure response to exercise testing
is related to the risk of acute myocardial infarction in middle-
aged men. Eur J Cardiovasc Prev Rehabil. 2006;13:421-8.
Singh JP, Larson MG, Manolio TA, O’Donnell CJ, Lauer M, Evans
JC, et al. Blood pressure response during treadmill testing as a

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

44

45.

46.

47.

48.

risk factor for new-onset hypertension. The Framingham heart
study. Circulation. 1999;99:1831-6.

Matthews CE, Pate RR, Jackson KL, Ward DS, Mecera CA, Kohl
HW, et al. Exaggerated blood pressure response to dynamic
exercise and risk of future hypertension. J Clin Epidemiol.
1998;51:29-35.

Miyai N, Arita M, Miyashita K, Morioka I, Shiraishi T, Nishio I.
Blood pressure response to heart rate during exercise test and
risk of future hypertension. Hypertension. 2002;39:761-6.
Miyai N, Arita M, Morioka |, Miyashita K, Nishio |, Takeda S.
Exercise BP response in subjects with high-normal BP:
exaggerated blood pressure response to exercise and risk of
future hypertension in subjects with high-normal blood
pressure. J Am Coll Cardiol. 2000;36:1626-31.

Zanettini JO, Fuchs FD, Zanettini MT, Zanettini JP. Is
hypertensive response in treadmill testing better identified
with correction for working capacity? A study with clinical,
echocardiographic and ambulatory blood pressure correlates.
Blood Pressure. 2004;13:225-9.

Kurl S, Laukkanen JA, Rauramaa R, Lakka TA, Sivenius J,
Salonen JT. Systolic blood pressure response to exercise stress
test and risk of stroke. Stroke. 2001;32:2036-41.

Hedberg P, Ohrvik J, Lonnberg I, Nilsson G. Augmented blood
pressure response to exercise is associated with improved long-
term survival in older people. Heart. 2009;95:1072-8.
Wentling VJ, Schubert CM, Bailey MW, Wurzbacher KA,
Demerath EW, Czerwinski SA, et al. Peak blood pressure
response to exercise is associated with future hypertension:
the Fels longitudinal study. Med Sci Sports Exerc. 2003;35:571.
Nakashima M, Miura K, Kido T, Saeki K, Tamura N, Matsui S, et
al. Exercise blood pressure in young adults as a predictor of
future blood pressure: a 12-year follow-up of medical school
graduates. J Hum Hypertens. 2004;18:815-21.

Miyai N. Clinical utility of exaggerated blood pressure response
to exercise in evaluating risk of future hypertension in
normotensive adults. Descente Sports Science. 2002;23:134-41.
Le WV, Mitiku T, Sungar G, Myers J, Froelicher V. The blood
pressure response to dynamic exercise testing: a systematic
review. Prog Cardiovasc Dis. 2008;51:135-60.

Araceli Boraita P, Bafo Rodrigo A, Berrazueta JR, Lamiel Alcaine
R, Luengo Fernandez E, Manonelles Marqueta P, et al. Guias de
practica clinica de la Sociedad Espaiiola de Cardiologia sobre la
actividad fisica en el cardidpata. Rev Esp Cardiol. 2000;53:684-
726.

Longas Tejero MA, Casanovas Lenguas JA. Prevalence of
hypertensive response to exercise in a group of healthy young
male athletes. Relationship with left ventricular mass and
prospective clinical implications. Rev Esp Cardiol. 1996;49:
104-10.

Gottdiener JS, Brown J, Zoltick J, Fletcher RD. Left ventricular
hypertrophy in men with normal blood pressure: relation to
exaggerated blood pressure response to exercise. Ann Intern
Med. 1990;112:161-6.

Sung J, Ouyang P, Silber HA, Bacher AC, Turner KL, DeRegis JR,
et al. Exercise blood pressure response is related to left
ventricular mass. J Hum Hypertens. 2003;17:333-8.

Gupta MP, Polena S, Coplan N, Panagopoulos G, Dhingra C,
Myers J, et al. Prognostic significance of systolic blood pressure
increases in men during exercise stress testing. Am J Cardiol.
2007;100:1609-13.

Naughton J, Dorn J, Oberman A, Gorman PA, Cleary P. Maximal
exercise systolic pressure, exercise training, and mortality in
myocardial infarction patients. Am J Cardiol. 2000;85:416-20.
Chang HJ, Chung J, Choi SY, Yoon MH, Hwang GS, Shin JH, et al.
Endothelial dysfunction in patients with exaggerated blood
pressure response during treadmill test. Clin Cardiol.
2004;27:421-5.



200

M. Chiacchio Sieira et al

49.

50.

51.

52.

53.

54.

55.

56.

57.

Kavey RE, Kveselis DA, Gaum WE. Exaggerated blood pressure
response to exercise in children with increased low-density
lipoprotein cholesterol. Am Heart J. 1997;133:162-8.

Shim CY, Ha JW, Park S, Choi EY, Choi D, Rim SJ, et al.
Exaggerated blood pressure response to exercise is associated
with augmented rise of angiotensin Il during exercise. J Am Coll
Cardiol. 2008;52:287-92.

Jae SY, Fernhall B, Lee M, Heffernan KS, Lee MK, Choi YH, et
al. Exaggerated blood pressure response to exercise is
associated with inflammatory markers. J Cardiopulm Rehabil.
2006;26:145-9.

Tsioufis C, Dimitriadis K, Thomopoulos C, Tsiachris D, Selima M,
Stefanadi E, et al. Exercise blood pressure response,
albuminuria, and arterial stiffness in hypertension. Am J Med.
2008;121:894-902.

Lauer RM, Burns TL, Clarke WR, Mahoney LT. Childhood
predictors of future blood pressure. Hypertension. 1991;18
Suppl 3:174-181.

Sanmarco ME, Pontius S, Selvester RH. Abnormal blood pressure
response and marked ischemic ST-segment depression as
predictors of severe coronary artery disease. Circulation.
1980;61:572-8.

Morris CK, Morrrow K, Froelicher VF, Hideg A, Hunter D,
Kawaguchi T, et al. Prediction of cardiovascular death by means
of clinical and exercise test variables in patients selected for
cardiac catheterization. Am Heart J. 1993;125:1717-26.
Dubach P, Froelicher VF, Klein J, Oakes D, Grover-McKay M,
Friis R. Exercise-induced hypotension in a male population.
Criteria, causes, and prognosis. Circulation. 1988;78:1380-7.
Frenneaux MP, Counihan PJ, Caforio AL, Chikamori T, McKenna
WJ. Abnormal blood pressure response during exercise in
hypertrophic cardiomyopathy. Circulation. 1990;82:1995-2002.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Sadoul N, Prasad K, Elliott PM, Bannerjee S, Frenneaux MP,
McKenna WJ. Prospective prognostic assessment of blood
pressure response during exercise in patients with hypertrophic
cardiomyopathy. Circulation. 1997;96:2987-91.

Sadrzadeh Rafie AH, Sungar GW, Dewey FE, Hadley D, Myers J,
Froelicher VF. Prognostic value of double product reserve. Eur
J Cardiovasc Prev Rehabil. 2008;15:541-7.

Huang CL, Su TC, Chen WJ, Lin LY, Wang WL, Feng MH, et al.
Usefulness of paradoxical systolic blood pressure increase after
exercise as a predictor of cardiovascular mortality. Am J
Cardiol. 2008;102:518-23.

Yosefy C, Jafari J, Klainman E, Brodkin B, Handschumacher MD,
Vaturi M. The prognostic value of post-exercise blood pressure
reduction in patients with hypertensive response during
exercise stress test. Int J Cardiol. 2006;111:352-7.

Tsumura K, Hayashi T, Hamada C, Endo G, Fujii S, Okada K.
Blood pressure response after two-step exercise as a powerful
predictor of hypertension: the Osaka Health Survey. J
Hypertens. 2002;20:1507-12.

Laukkanen JA, Kurl S, Salonen R, Lakka TA, Rauramaa R,
Salonen JT. Systolic blood pressure during recovery from
exercise and the risk of acute myocardial infarction in middle-
aged men. Hypertension. 2004;44:820-5.

Chiacchio M. Complicaciones de la prueba de esfuerzo. Marzo
2009. Available from: http://www.medicodeldeporte.es
Everson SA, Kaplan GA, Goldberg DE, Salonen JT. Anticipatory
blood pressure response to exercise predicts future high blood
pressure in middle-aged men. Hypertension. 1996;27:1059-64.
Sharabi Y, Almer Z, Hanin A, Messerli FH, Ben-Cnaan R,
Grossman E. Reproducibility of exaggerated blood pressure
response to exercise in healthy patients. Am Heart J.
2001;141:1014-7.



